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[6] $s$ $x(\geq 0)$ $s+d(x)$





1 $s\in[0, \infty)$ $u(s)$ $u(s)$
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$0<\lambda<1$
$u(\hat{s}^{\lambda}\overline{s}^{1-\lambda})\leq\lambda u(\hat{s})+(1-\lambda)u(\overline{s})$ (1)
2 $\hat{s}<\overline{s}$ $u(s)$ $0<\lambda<1$
$u(\hat{s}^{\lambda}\overline{s}^{1-\lambda})\leq\lambda u(\hat{s})+(1-\lambda)u(\overline{s})$






3 $f(s)$ $0<\lambda<1$ (1) $f(s)$ $s$
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$Y$ $Y\sim N(\mu, \sigma^{2})$ $X:=e^{Y}$




$f_{X}(x)= \frac{1}{\sqrt{2\pi}\sigma x}e^{-\frac{(\log x-\mu)^{2}}{2\sigma^{2}}}$
$N(\mu, \sigma^{2})$ $\phi(x)$ $f_{X}(x)= \frac{\phi(\log x)}{x}$




$X_{1}=e^{Y_{1}}$ , $X_{2}=e^{Y_{2}}$ $Y_{1},$ $Y_{2}$
Yl $+Y_{2}$ $Y_{1}$ , Y2, $Y_{1}+Y_{2}$





$F_{X_{s}}(x)= \int_{-\infty}^{\log x}\frac{1}{\sqrt{2\pi}\sigma}e^{-\frac{(x-\log s)^{2}}{2\sigma^{2}}}dx$
$f_{X_{s}}(x)= \frac{1}{\sqrt{2\pi}\sigma x}e$




$(t)= \frac{1}{\sqrt{2\pi}\sigma s_{2}}e^{-\frac{(\log t-\log s)^{2}}{2\sigma^{2}}}=\frac{\phi_{\log s,\sigma_{2}^{2}}(\log t)}{t}$
2.3 Partial Maintenance I
$(0, \infty)$ $s$ $\alpha$
$\alpha s$ $(0<\alpha\leq 1)$ $C(\alpha)$
$u(s)$ $s$ $u(s)$ $s$
$s$ $n$
$w_{n}(s)$





$\alpha$ $(0<\alpha\leq 1)$ $C(\alpha)$ $s$ $\alpha s$





$w_{n}(s)= \min_{0<\alpha\leq 1}\{C(\alpha)+w_{n-1}(\alpha s)\}$ , (4)









8 $C(\alpha)$ $u(s)$ $\sim$
$f(s)= \min_{0<\alpha\leq 1}\{C(\alpha)+u(\alpha s)\}$
$s$
3 Stochastic Inequality
3.1 Stochastic Order Relation
1 $f(x)$ $g(x)$ 2 $X$ $Y$ $x\geq y$
$x$ $y$ $f(y)g(x)\leq f(x)g(y)$ $X$ $Y$ likelihood
ratio $X\geq LRDY$
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2 $f(x)$ $g(x)$ 2 $X$ $Y$
$F(x)$ $G(x)$ $x\geq y$ $x$ $y$
$\overline{F}(y)\overline{G}(x)\geq\overline{F}(x)\overline{G}(y)$ $X$ $Y$ hazard rate
$X\geq HRY$ $\overline{F}(x)=1-F(x)$
$t^{*}= \sup\{t :\overline{F}(t)>0\}$ mean residual life function
$m(t)=\{\begin{array}{l}E[X-t|X>t], for t<t^{*}0 otherwise\end{array}$
3 $m_{X}(t)$ $m_{Y}(t)$ 2 $X$ $Y$
$t$ $mx(t)\geq m_{Y}(t)$ $X$ $Y$ the mean residual life
$X\geq MRLY$
92 $X$ $Y$ $X\geq LRDY$ $X\geq HRY$
$X\geq HRY$ $X\geq MRLY$
X $Y$ 2
(1) $X\geq IcxY\Leftrightarrow$ $u(s)$ $E[u(X)]\geq E[u(Y)]$
(increasing convex order)
(2) $X\geq IcvY\Leftrightarrow$ $u(s)$ $E[u(X)]\geq E[u(Y)]$
(increasing concave order)
(3) $X\geq Dcx^{Y}\Leftrightarrow$ $u(s)$ $E[u(X)]\geq E[u(Y)]$
(decreasing convex order)
102 X $Y$ $X\geq MRLY$ X $\geq ICXY$
$P=(p_{s}(t))_{s,t\in(0,\infty)}$ $8<s^{f},$ $t\leq t’$
$u<v$ $s,$ $s’,$ $t,$ $t^{f},$ $u,$ $v$ Pu $(s)p_{v}(t’)-p_{u}(t)p_{v}(s’)\geq p_{v}(s)p_{u}(t^{/})-$
$p_{v}(t)$pu $(s)$
11 $s<s’$ $s$ $u(s)$ $\int_{0}^{\infty}p_{s}(t)u(t)dt\leq$
$\int_{0}^{\infty}$ Ps’ $(t)u(t)dt$ $\circ$
3.2 Stocahstic Convexity and Concavity
Shaked and Shanthikumar [7]
$\{X(s)|s\in(-\infty, \infty)\}$ $s$
(1) $\{X(s)|s\in(-\infty, \infty)\}$ SI(stocahstically increasing) $\Leftrightarrow$ ( )
$u(s)$ $E[u(X(s))]$ $s$ ( )
(2) $\{X(s)|s\in(-\infty, \infty)\}$ SICX(stocahstically increasing and convex) $\Leftrightarrow$
( ) $u(s)$ $E[u(X(s))]$ $s$ ( )
224
(3) $\{X(s)|s\in(-\infty, \infty)\}$ SICV(stocahstically increasing and concave) $\Leftrightarrow$
( ) $u(s)$ $E[u(X(s))]$ $s$ ( )
12 (1) $\{X(s)|s\in(-\infty, \infty)\}$ $SICX\Leftrightarrow\{X(s)|s\in(-\infty, \infty)\}$ $SI$
$x$ $\int_{x}^{\infty}\overline{F}_{X(s)}(y)dy$ $s$ ( )
(2) $\{X(s)|s\in(-\infty, \infty)\}$ $SICV\Leftrightarrow\{X(s)|s\in(-\infty, \infty)\}$ $SI$ $x$
$\int_{-\infty}^{x}F_{X(s)}(y)dy$ $s$ ( )
$s_{1}\leq s_{2}\leq s_{3}\leq s_{4}$ $s_{1}+s_{4}=s_{3}+s_{2}$ $X_{i}=X(s_{i})$ $(i=1,2,3,4)$
$(s_{4}-s_{3}=s_{2}-s_{1})$
(1) $\{X(s)|s\in(-\infty, \infty)\}$ SICX(sp)(stocahstically increasing and convex in sam-
ple path sense) $\Leftrightarrow\max\{X_{2}, X_{3}\}\leq X_{4}$ $(a.s.)$ $X_{2}+X_{3}\leq X_{1}+X_{4}$
(2) $\{X(s)|s\in(-\infty, \infty)\}$ SICV(sp)(stocahstically increasing and concave in sam-
ple path sense) $\Leftrightarrow X_{1}\leq\max\{X_{2}, X_{3}\}$ $(a.s.)$ $X_{2}+X_{3}\geq X_{1}+X_{4}$
13 (1) $\{X(s)|s\in(-\infty, \infty)\}$ SICX$(sp)$ SICX
(2) $\{X(s)|s\in(-\infty, \infty)\}$ SICV$(sp)$ SICV
1 $X(\mu)$ $N(\mu, \sigma^{2})$ $\{X(\mu)|\mu\in(-\infty, \infty)\}$ SICX$(sp)$
SICV$(sp)$
14 (1) $\{X(s)|s\in(-\infty, \infty)\}$ SICX$(sp)$ $u(\cdot)$
$\{u(X(s))|s\in(-\infty, \infty)\}$ SICX$(sp)$
(2) $\{X(s)|s\in(-\infty, \infty)\}$ SICV$(sp)$ $u(\cdot)$
$\{u(X(s))|s\in(-\infty, \infty)\}$ SICV$(sp)$ $\circ$
2 $X(\mu)$ $N(\mu, \sigma^{2})$ $Y(\mu)=e^{X(\mu)}$ $u(x)=e^{x}$
$\{Y(\mu)|\mu\in(-\infty, \infty)\}$ SICX$(sp)$ $Y(\mu)$
SICX$(sp)$ SICX




$v_{n}(s)$ $=$ $\min_{0<\alpha\leq 1}\{-C(\alpha)+\int_{0}^{\infty}p_{\alpha s}(t)v_{n-1}(t)dt\}$ , (5)
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$v_{1}(s)= \min_{0<\alpha\leq 1}\{C(\alpha)+\int_{0}^{\infty}p_{\alpha s}(t)u(t)dt\}$
15 $v_{n}(s)$ $s$ $s<s$‘ $v_{n}(s)\geq$
$v_{n}(s^{f})$
$(p_{s}(t))_{0\leq s\leq 1}$ $T(s)$
$s$
1 $t$ $u(t)$ $\int_{0}^{\infty}p_{s}(t)u(t)dt$ $s$
$\{T(s)|s\in(0, \infty)\}$ SICX
16 $v_{n}(s)$ $s$
1 $n$ $s$ $\alpha_{n}^{*}(s)$
$s\leq s’$ $\alpha_{n}^{*}(s)\geq\alpha_{n}^{*}(s’)$ $\alpha_{n}^{*}(s)$ $s$
2
2 $(p_{s}(t))_{0\leq s\leq 1}$ $t$ $u(t)$
$\int_{0}^{\infty}p_{s}(t)u(t)dt-u(s)$ $s$











18 $s<s’$ $n\geq 1$
$\int_{0}^{\infty}p_{s’}(t)v_{n-1}(t)dt-\int_{0}^{\infty}p_{s}(t)v_{n-1}(t)dt\leq\int_{0}^{\infty}p_{s’}(t)v_{n}(t)dt-\int_{0}^{\infty}p_{s}(t)v_{n}(t)dt$
$\int_{0}^{\infty}p_{s’}(t)(v_{n}(t)-v_{n-1}(t))dt\geq\int_{0}^{\infty}p_{s}(t)(v_{n}(t)-v_{n-1}(t))dt$
2 $n$ $s$ $x_{n}^{*}(s)$
$n\geq 1$ $\alpha_{n-1}^{*}(s)\geq\alpha_{n}^{*}(s)$
$\circ$
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